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Evidence for the presence of lipid substances
in close association with keratinized structures
has been deduced from X-ray diffraction stud-
ies by Swanbeck (1) and more recently by
Fraser et al (2). The presence of a protein-lipid
complex in normal human keratinized material
was first definitely established by Holmes (3)
who was able to extract such a substance from
human hair by means of ethanol. This complex
contained some 30% fatty acids, apparently
linked to the protein by means of the amino
group of lysine. Later Fleseh and Esoda (4)
were able to demonstrate the presence of a
proteolipid in the shed scales from patients with
psoriasis and in callus. They demonstrated the
presence, in the isolated material, of protein,
choline, combined phosphorus and hexosamine
and concluded that the substance was a glyeo-
proteolipid.
More detailed studies have now been made of
the chemical nature of the material isolated
from scales obtained from patients suffering
from psoriasis and certain other scaly derma-
toses, from callus, "dandmff" and scales from
normal scalp. The proteolipid was obtained by
prolonged extraction of the horny layer samples
with ethanol. It was further observed that even
after this prolonged ethanol extraction the
horny layer still contained appreciable amounts
of lipid material. This latter material was ap-
parently firmly bound to the keratin and re-
quired drastic procedures, which would involve
some denaturation of the keratin, before it
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could be extracted. To differentiate between the
two materials the former, removed by alcohol
alone, has been termed the alcohol-soluble
horny layer lipids, while the latter has been
termed /ceratin-bound horny layer lipids. Stud-
ies have been made concerning the nature of
both these lipids.
MATERIALS AND METHODS
Extraction of Horny Layer Lipids. Horny layer
specimenst from the scalp (3 specimens)t and callus
from normal subjects (3 specimens) and pathologic
scales 15 specimens) were washed with ether and
pulverized in a Wiley-mill to 60 mesh size. The
powdered homey layers were again placed in ether
until no more lipids could be extracted. The
scales then were shaken with distilled water at
room temperature for 24 hours at about 100 oscil-
lations per minute. The samples were dried,
weighed and extracted for 2 weeks at room tem-
perature with absolute ethanol with constant shak-
ing, as described above. The ethanol was evapo-
rated and the residue weighed. This residue com-
prised the alcohol-soluble horny layer lipids.
After extraction of the alcohol-soluble lipids the
residual horny layer was further extracted accord-
ing to one of the following processes. With the
majority of specimens the sample was divided into
two parts, one part was extracted with one pro-
cedure and the other part by the alternate pro-
cedure.
Procedure A. One gram of the horny layer was
saponified by refiuxing for 2 hours with 25 ml of
0.5N ethanolic KOH. The mixture was cooled, 50
ml of water added and then acidified with HC1.
It was then extracted three times with 50 ml ether,
the combined ether extracts washed with water,
evaporated to dryness with water, and the lipid
t The authors wish to thank Drs. Albert M.
Kligman, Enno Christophers and M. H. Samitz for
furnishing normal and pathologic material.
t Analysis of horny layers from other parts of
the body are in progress, as there are indications
that the horny layer from the scalp has some
special physiologic and chemical features. In our
preliminary analyses of the water-soluble com-
ponents of "normal" and "seborrheic" scales from
the scalp, in 5 different specimens we found low
free amino nitrogen, high orcinol positive material(formerly designated as pentose (5)) and Elson-
Morgan positive material (mostly hexosamine (6))
together with a low normal —SH content. These
features suggest a relatively high epidermal cel-
lular turnover rate on the scalp.
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residue weighed. This lipid has been termed total
keratin-bound horny layer lipid. It was separated
into fatty acids aud non-saponifiable material by
means of aqueous KOll as described below.
Procedure B. One gram of the horny layer was
incubated in a stoppered flask with 10 ml of a
mixture of equal parts of ether and ethanol con-
taining 1% by volume of conc. HC1, for 5 hours
at 500 C. After incubation the mixture was filtered
through a Soxhlet extraction thimble, the incuba-
tion flask washed several times with ether and the
washings poured through the extraction thimble.
The filtrate which consisted of the acid-ethanol-
ether extract and ether washings was set aside. The
extraction thimble containing the horny layer was
then placed in a Soxhlet apparatus and extracted
for 2 hours with ether. This ether extract was
added to the acid-ethanol-ether extract and the
mixture evaporated to dryness in a rotary-film
evaporator. The residue was transferred with chlo-
roform: methanol (2:1) mixture to a tared flask
and weighed. This lipid has been termed the
keratin-bound "proteolipid".
The extracted horny layer was subjected to ex-
traction by procedure A and the residual lipids
obtained. This remaining lipid has been termed
residual keratin-bound lipids. It was also separated
into fatty acids and non-saponifiable material as
described below.
Fractionation Procedures. It was observed early
in the present investigation that the protcolipids
could be separated from other lipids by making use
of differences in solubility in ether. The following
procedure for the separation of the lipids was
therefore developed.
(i) Separation of Proteolipids. The sample was
transferred to a conical centrifuge tube and dis-
solved as completely as possible by warming in
ether (in the ratio of 1 ml ether for each 10 mgm
of lipid). The tube was stoppered and allowed to
stand in a refrigerator overnight. The precipitate
of proteolipids (which may also contain certain
pbosphatides) was separated by centrifuging in a
refrigerated centrifuge at 40 C. The supernatant
liquid was removed and the precipitate wasbed
twice with ether (0.5 ml for each 10 mgm lipid)
centrifugally with refrigeration. The proteolipid was
transferred to chloroform: methanol (2: 1) mixture
and weighed after removal of solvent. The super-
natant liquid and ether washing contain free lipids;
these were also transferred and weighed after re-
moval of solvent.
(ii) Separation of Free Fatty Acids and Neutral
Lipids. The free fatty acids were separated from
the neutral lipids by extraction of the ether solution
with 1% aqueous KOH, with addition of small
amounts of ethanol to prevent emulsion formation.
The aqueous extract was acidified with HC1 and
the liberated acids extracted with etber. The neu-
tral lipids remain in the original ether solution
from which the free acids were extracted with
alkali. Both the free fatty acids and the neutral
lipids were weighed after removal of solvent. The
same procedure can be used for the separation of
fatty acids and nonsaponifiable material and was
applied to the total and residual keratin-bound
lipid fraction.
In spite of the disadvantage of ether, due to the
formation of peroxides, it has not been found pos-
sible to replace it by hexane, because most cuta-
neous lipids are only sparingly soluble in the latter
solvent. The ether used should be freed from
pcroxides by means of ferrous sulfate, or reduced
iron, and distilled before use.
Thin-layer Chromatography. Eight-inch-square
plates were spread in the standard manner, all
coatings were 250 z thick. Silica gel G (RSCo,
California) was used exclusively, the modified buf-
fered boric acid plates of Pastuska (7) were used
for studies of the hexoses. Plates used for amino
acid separations were air-dried but all other plates
were heated at 1050 C. for 1 hour and then citber
used immediately or stored in a desiccator cabinet
until required. Samples of 1 to 10 yl were spotted
on the plates and an appropriate standard mixture
run on each plate. The plates were developed by
ascending chromatography and the distance trav-
eled by the solvent limited to either 10 or 15 cm
by making a pencil cut across the plate parallel
to the origin. The following solvent systems were
used in these studies:
Solvent A. Benzene. This was used for separation
of neutral lipids.
Solvent B. Benzene:Etbyl acetate (4:1). This
system gave excellent separations of the non-
saponifiable material.
Solvent C. Chloroform: Methanol: Water (60:30:
3). Used for the separations of the proteolipids.
Solvent D. Chloroform: Methanol: Water (80:20:
2). This gave lower HF values for the proteolipids
than solvent C and was used for study of the more
rapidly moving proteolipids.
Solvent F. Chloroform:Metbanol:Conc. Am-
monia (2:2:1). Used for the chromatography of
amino acids.
Solvent F. Phenol:Water (75 gm:25 gm). Also
used for the amino acid chromatography.
Solvent G. N-Butanol: Acetone: Water (4:5:1).
Used for the chromatography of sugars and uronic
acids.
Spots were detected on the developed cbro-
matograms by the use of one of the following re-
agents: (a) Iodine vapor, (b) Ninhydrin: an 02%
solution in acetone was used for the proteolipids,
the modified reagent of Moffat and Lytle (8) was
used for the amino acids, (c) Elson-Morgan re-
agent as described by Smith (9), (d) Aniline Hy-
drogen Pbtbalate in n-Butanol. (a) Antimony Tn-
chloride, 25 gm dissolved in 75 gm chloroform.
(f) Ammonium molybdate-perchloric acid-3 g
ammonium molybdate in 25 ml water, 30 ml N
HC1 and 15 ml conc. perchioric acid. With the
exception of reagent (a) all plates were heated in
an oven at 105°C after spraying until color de-
velopment was complete.
Gas Chromatography. The Chromalab (Glowall
Corporation, Glenside, Pa.) gas cbromatograph was
used in these studies. The conditions of operation
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were identical with those described by Coon et ol
(10), all samples being programmed from 125 to
325°C. One modification in the pre-treatmeot of
the Gas Chrom P was made to improve column
efficiency: silinization with dichlorodimethysilane
was followed by treatment with hexamethyldi-
silazane prior to coating with the SE-30. The fatty
ncids were converted into their methyl esters using
the boron trifluoride method (11) before chro-
matography. The non-saponifiable material was
injected without prior treatment. In later studies
the gas chromatography of the total non-saponifi-
able material was abandoned in favor of a com-
bination of gas and thin-layer chromatography. In
the later modification the non-saponifiable mate-
rial was first separated by thin-layer chromatog-
raphy, the spots eluted from the plate and then
studied by gas chromatography.
Chemical Determinations. Hexosamine was de-
termined by the Elson-Morgan method (12),
amino nitrogen by the method of Harding and
MacLean (13), slow and fast-acting sterols by the
method of Moore and Baumann (14).
RESULTS
1. The Alcohol-soluble Horny Layer Lipids
(i) Qualitative Examination by Thin-layer
Chromatography. The material was white or
pale yellow in color. It was sparingly soluble
in ether, moderately soluble in ethanol or
chloroform and most readily soluble in a mix-
ture of chloroform and methanol (2: 1). It was
observed that material that had been stored in
the refrigerator for prolonged periods of time,
either in solution or in the dry state, no longer
dissolved so readily in the solvent. This was
considered to be due to breakdown of the
proteolipid complex with the liberation of in-
soluble protein or polypeptide. For the qualita-
tive examination the specimen was dissolved in
the chloroform-methanol solvent (2 ml solvent/
100 mg lipid) and 1 to 5 pJ aliquots, containing
50 to 250 g lipid, spotted onto two thin-layer
plates. One plate was developed in solvent A
and the second plate developed in solvent C.
After chromatography the first plate was placed
in a tank containing iodine crystals and allowed
to remain there until the brown iodine spots
had fully developed; this required several
hours, usually overnight, for complete develop-
ment. The second plate was sprayed with nm-
hydrin and heated for 10 minutes or longer: the
proteolipids were detected as red spots. The
free lipids are demonstrated on the first plate
and the proteolipids on the second plate. A
typical example of the free lipid patterns is
shown in Figure 1, and a typical example of
the proteolipid patterns is shown in Figure 2.
A total of 23 different samples were examined
by this method. Thirteen were from psoriatics,
three from patients with ichthyosiform erythro-
derma, one from a patient with exfoliative
dermatitis, three were specimens of callus, two
were "dandruff" specimens and one specimen
from normal scalp. Some of the specimens had
been treated by the Folch (15) method and
showed very much lower amounts of the proteo-
lipids than did the specimens not treated by this
method; it appeared that the Folch treatment
removed much of the proteolopid and hence these
specimens were not studied further. The patterns
for the free lipids were generally similar, though
some minor differences were observed; the pres-
ence of free fatty acids, hydrocarbons, stcrol es-
ters, waxes, triglycerides, free sterols and polar
material remaining at the origin (which consisted
of the proteolipid and possibly some phospha-
tides) was established. The pattern of the protco-
lipids showed some very striking differences. The
specimens of callus and psoriatic specimens
showed a pattern of five or six spots with an
Pro. 1. Chromaplate of the Alcohol-soluble
Horny Layer Lipids. Developed with solvent A
and stained with iodine vapor. (Samples designated
as in Table I)
;E xD.
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TABLE II
Proteolipid content of the alcohol-soluble
horny layer lipids
Nature of Material or Diagoosis
Num-
turns
Range Average
Callus
Psoriasis
Ichthyosiform Eryth-
roderma
Exfoliative Dermatitis
Dandruff
Normal Scalp
2
7
1
1
2
1
14.5; 70.0
20.5—29.6
36.6
41.4
8.4; 11.9
14.9
42.2
25.2
36.6
41.4
10.1
14.9
of less than '0.4. The specimens from the patients
with iehthyosiform erythroderma and exfoliative
dermatitis revealed only traces of these slow mov-
ing spots but instead the ninhydrin positive ma-
terial appeared as very diffuse spots with R
from 0.5 to 1.0. In Figure 2 these spots are so
diffuse that they are barely visible in the photo-
graph. The specimens of dandruff and normal
scalp showed the presence of both the slow
moving spots together with certain fast moving
Ftc. 2. Chromaplate of the Alcohol-soluble spots, but these fast moving spots were much
Horny Layer Lipids. Developed with solvent C and
stained with niuhydrin. (Samples designated as in more discrete than those with the ichthyosiform
Table I) crythroderma and exfoliative dermatitis speci-
mens. Further data on the protcolipids are
contained in the subsequent section.
TABLE I (ii) Fractionation. Fourteen of the speci-
Overall composition of the alcohol-soluble mens of the alcohol-soluble horny layer lipids
horny layer lipids (2 callus, 7 psoriatics, 1 ichthyosiform erythro-
derma, 1 exfoliative dermatitis, 2 dandruff, 1
Prutru Free Free normal scalp) were fractionated into protco-Sample Diagnosis lipids Fatty NeutralArids Lipids lipids, free fatty acids and neutral lipids nsing
the method described. The results are tabulated
in Table I. These indicate wide variations inCl Callus 14.5 22.8 62.7 the amounts of free fatty acids and neutralC2 Callus 70.0 14.3 15.7 hpids in the samples, so much so that no defi-P1 Psoriasis 20.5 9.6 69.9
nite conclusions could be drawn from the data.P2 Psoriasis 22.9 9.3 67.8 The proteolipid content showed more con-P3 Psoriasis 24.5 12.6 62.9
P4 Psoriasis 28.2 39.8 32.0 sistent variations; these data have been ana-
PS Psoriasis 25.2 18.4 56.3 lyzed separately in Table II. The two callus
P6 Psoriasis 25.2 33.8 41.0 specimens showed widely different results, the
P7 Psoriasis 29.6 14.3 56.1 psoriatics fall in a fairly narrow range with an
JE Ichthyosiform 36.6 24.1 39.3 average of 25% proteolipid, the other two der-
Erythroderma matoses are significantly higher, the two dan-XD Exfoliative 41.4 18.3 40.3 druff specimens much lower with an averageDermatitis
of 10%, while the normal scalp is close to theDl Dandruff 11.9 — — lower of the two callus specimens.D2 Dandruff 8.4 72.7 18.8
N Normal Scalp 14.9 35.8 49.3 (iii) Fatty Acids. Some studies have been
________________________ __________ made of the total fatty acids obtained after
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saponification of the entire alcohol-soluble
horny layer sample. The acids vary in chain-
length from C,, to C, with the unsaturated C18
acids predominating. The free fatty acids are
somewhat different in composition; fewer un-
saturated acids, in particular the C16 unsatu-
rated member, are present and larger amounts
of acids with chain-length longer than C,9.
There was wide variation in the composition
of these acids. A typical result of the composi-
tion of the free fatty acids from a sample of
psoriatie scale is given in Table III. A more de-
tailed report of the composition of the fatty
acids will be made in a subsequent publication.
(iv) Neutral Lipids. Qualitative examination
of the neutral lipids by thin-layer chromatog-
raphy indicated the presence of hydroaerbons,
sterol esters, waxes, free sterols and phospha-
tides in all specimens. Similar examination of
the non-saponifiable material obtained after
saponification was made. The material was
examined by gas chromatography and by thin
layer chromatography using solvent B, followed
by detection with iodine vapor or antimony
trichloride. The presence of hydrocarbons, wax
alcohols, cholesterol together with some lathos-
terol and lanosterol, and some unidentified ma-
terials was established. As determined by gas
chromatography the predominant compound
appeared to be cholesterol.
(v) Proteolipids. Examination of the proteo-
lipids, isolated by means of ether solubility, by
thin-layer chromatography indicated no ap-
parent change following this treatment. The
same differences between the specimens, ob-
served when the total sample was examined by
thin-layer chromatography, were similarly ob-
served with the isolated proteolipids. Examina-
tion of the more rapidly moving proteolipids
using solvent D confirmed these essential dif-
ferences. Detection by means of the Elson-
Morgan reagent demonstrated the presence of
hexosamines in the same location as the proteo-
lipids, while detection with ammonium molyb-
date-perchlorie acid reagent indicate the pres-
ence of phosphate in the same spots.
An attempt was also made to demonstrate
the presence of sterols in the proteolipid spots.
Spots containing approximately 250 cg of the
isolated alcohol-soluble proteolipids from speci-
mens C2 (Callus), Dl, D2 (Dandruff), IE
(Iehthyosiform erythroderma), P4 (Psoriasis)
and XD (Exfoliative dermatitis) were applied
TABLE III
Composition of the free fatty acids of the alcohol-
soluble horny layer lipids
(Specimen P6)
Acid6 Percentage
* Peaks are designated as follows: a is the n-
saturated acid, preceding peaks are designated
b, e, & d, the last being nearest to the acid of pre-
ceding carbon number. Peaks C18 b & e consists of
oleie acid and sterioisomers.
Below C,4
C,4a
b
c
C,,a
b &c
d
C, 9a
b
c
C97a
h
e
C,8a
b&e
d
C,9a
b
d
b
c
C ,,a
h
c
Cu,a
b
C,,a
b
c
C,4a
b
c
Cna
b
b
C,,a
b
c
C ,8a
b
C,9a
b
C,,b
2.06
2.47
0.08
0.03
2.81
0.37
0.05
16.15
7.81
0.03
1.20
1.62
0.31
11.25
33.86
0.05
0.65
0.31
0.63
1.35
1.38
2.24
1.04
0.18
0.10
2.60
0.42
1.20
0.34
0.03
3.91
1.20
0.03
0.55
0.08
0.60
0.31
0.08
0.10
0.05
0.13
0.16
0.03
0.05
0.13
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and the plate run with solvent D. The plate was
sprayed, after development, with antimony
trichloride reagent and heated. Magenta colored
spots appeared, corresponding to the faster-
moving proteolipid spots only, in almost all
cases. There was, however, one notable excep-
tion. The spot with RF 0.05—0.07 in the callus,
dandruff and psoriatic specimens did not give
the characteristic magenta color of cholesterol
but instead gave an immediate bright blue
coloration which appeared before the plate was
heated. This blue color was permanent and was
not transient as is the color produced with this
reagent by vitamin A. The material was present
only in small amounts in the callus, dandruff
and psoriatie material; it was not detected in
the ichthyosiform erythroderma specimen but
was present in large amounts in the proteolipid
from exfoliative dermatitis, which contained in
addition two further blue spots with R 0.38
and 0.94. The nature of the sterol responsible
for this reaction has not been identified. 7-Hy-
droxycholesterol gives a similar reaction and
several unidentified sterols which gave this re-
action were demonstrated by Wheatley (16) in
a sterol fraction isolated from ovarian dermoid
cyst lipids. It is believed that this reaction indi-
cates the presence of a group, either hydroxy or
keto, in the seven position of the cholesterol
ring. The nature of this material is under fur-
ther investigation.
Some preliminary hydrolysis studies were made
of the isolated proteolipids. Hydrolysis of a speci-
men of the mixed proteolipids, from four samples
of psoriatic scales, hydrolyzed for 3 hours with N
HCl (in a sealed tube)completely denatured the
complex which was found to contain 63% lipids,
2.3% amino nitrogen (corresponding to about 14%
protein) and 0.6% hexosamine. The liberated
lipids, examined by thin-layer chromatography,
showed the presence of hydrocarbons, sterol esters,
triglycerides, free sterols, free fatty acids and phos-
phatides. The free fatty acids comprised 26% of the
total lipid fraction but the major component of the
lipid fraction appeared to be the free sterols.
A further portion of the same mixed proteolipid
sample was hydrolyzed for 5 hours with 4N HCI
and tbe water-soluble material examined for amino
acids by two-dimensional thin-layer chromatog-
raphy using solvent E in the first direction fol-
lowed by solvent F in the second. Some twelve
amino acids were present in varying amounts; the
predominating acid was leucine and appreciable
amounts of hydroxpyroline were also present, but
no lysine or arginine could be detected. The pres-
ence of hydroxyproline is of interest, as this amino
acid absent from keratin, either from normal (17)
or psoriatic (18) horny layers, is present in the
free amino acids of skin surface wipings (19) but
not in the the free amino acids of stratum corneum
(20). Some experiments were also performed to
determine the nature of the hexosamine and of the
uronic acids which are also presumably present. So
far no positive identification has been made.
Studies of the amino acids and sugars are in
progress. It is also proposed to study the break-
down of the proteolipid complex under less drastic
conditions and further to isolate the various pro-
teolipids and examine each individually to deter-
mine the differences between them.
2. The Keratin-bound Horny Layer Lipids
(i) Overall Composition. The keratin-bound
lipids were extracted from the scales by the
procedures described. The total lipid content
of the scales was based on the alkali saponifica-
tion procedure, while 'proteolipid' represented
the material extracted with acid-ethanol-ether;
the latter material was not pure proteolipid.
The results of these studies are shown in Table
IV. The total sterol was determined on the total
non-saponifiable matter and represented the sum
of fast- and slow-acting sterols as determined
by the method of Moore and Baumann (14).
There are some discrepancies between the total
lipid content as based on alkali saponification
and that based on the lipid content of the ex-
tracted 'proteolipid', and some difficulty was
experienced in the separations due to the pres-
ence of materials sparingly soluble in ether
which did not appear to be lipids. In general
the results show wide variations so that inter-
pretation is difficult.
(ii) Total and Residual Fatty Acids and
Non-saponifiable Matter. Examination of both
the total and residual fatty acids by gas chro-
matography showed wide variations between
individual specimens. A typical analysis of the
total and residual fatty acids is shown in Table
V. There were both definite differences between
the total and residual fatty acid composition
and between the fatty acids from the keratin-
bound lipids and those from the alcohol-soluble
lipids from the same specimen of scales. Ex-
amination of the non-saponifiable matter, both
total and residual, by thin-layer chromatogra-
phy using solvent B indicates the presence of
hydrocarbons, wax alcohols, lanosterols, lathos-
terol, cholesterol and polar material. Cholesterol
appeared to be the largest single component.
(iii) The Proteolipids
(a) Thin-layer Chromatography. The 'pro-
teolipid' fractions were examined by thin-layer
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TABLE IV
Overall composition of the keratin-bound horny layer lipids
Sample Diagnosis Residual Residual
I TotalTotal Total Fatty Total
Proteolipid* Fatty Acids Non-sap. SterolsLipid Acids Non-sap.
(as % rOtec and water extcarted scates)
Cl Callus — — — 3.08 0.15 0.14
C2 Callus 1.15 0.54 0.61 8.13 0.15 0.13 0.166
P1 Psoriasis 3.19 1.99 1.20 5.74 0.24 0.24 0.151
P2 Psoriasis 1.61 0.73 0.88 4.63 0.18 0.13 0.297
P3 Psoriasis 1.91 0.93 0.98 2.77 0.38 0.07 0.312
P4 Psoriasis 2.01 1.02 0.99 2.91 0.03 0.05 0.198
PS Psoriasis 1.86 0.96 0.91 3.49 0.04 0.02 0.113
P6 Psoriasis 2.12 0.98 1.15 4.69 0.25 0.13 0.186
P7 Psoriasis 3.59 1.69 1.90 5.81 0.02 0.01 0.465
JE Ichthyosiform
Erythroderma
2.33 1.57 0.76 8.09 0.07 0.27 0.064
XD Exfoliative
Dermatitis
0.93 0.34 0.58 3.02 0.02 0.01 0.116
Dl Dandruff — — — 4.51 0.39 0.51 —
D2 Dandruff — — — 5.33 1.03 0.47
N Normal Scalp — — — 8.19 1.66 0.59
* 'Proteolipid' refers to the total material extracted with acid-alcohol-ether, it contains free fatty
acids and free neutral lipids in addition to proteolipids, see Table VI.
chromatography using solvent A and iodine
vapor detection and solvent C and ninhydrin
detection. Typical plates are shown in Figures
3 and 4. There is some resemblance between the
patterns obtained with these materials com-
pared with those obtained with the alcohol-
soluble lipids from the same scale specimens.
(b) Fractionation. The extracted 'proteo-
lipids' were separated into protcolipids, free
fatty acids and neutral lipids using the ether-
solubility method. The results are shown in
Table VI. The proteolipid content varies widely
from 11 to 80%; wide variation also occurs with
the neutral lipids, range 25 to 83% but less
variation occurs with the free fatty acids. In
general the results show too wide variation to
permit interpretation at the present.
(c) Hexosamine. Hexosamine determinations,
using the Elson-Morgan method, were per-
formed on three specimens of the keratin-bound
'proteolipids' with the following results. Speci-
men IE 0.47%, specimen P1 0.20%, specimen
C2 0.28%. Significant amounts of hexosamines
are present in the keratin-bound as well as the
alcohol-soluble horny layer lipids.
3. Combined Results
Studies of both the alcohol-soluble and
keratin-hound homy layer lipids were per-
formed on a number of specimens. The results
have been combined and presented in Table
VII; all results arc expressed as percentages of
the original ether and water extracted horny
layer. The horny layer thus appears to contain
some 3 to 9% of lipid material about half of
which is alcohol-soluble and the remainder more
firmly bound. The results show wide variations.
This lipid contains appreciable amounts of
protcolipids both in the alcohol-soluble and
keratin-bound fractions.
nIscTsSIoN
The presence of lipid material, largely in the
form of protein-lipid complexes, in both normal
and pathological horny layers has been con-
firmed. The amount of lipid is appreciable, in
the range 2.7 to 9.1% of the ether and water
extracted horny layer. Two types of horny
layer lipids have been recognized; the alcohol-
soluble lipid and the kcratin-bound lipid. The
former can be extracted from the horny layer
by alcohol alone, while the latter requires more
drastic extraction procedures. The two mate-
rials exhibit both similarities and differences so
that it is difficult to decide whether the two
materials have a common origin or not.
Both lipids have proved exceedingly complex
in nature. The alcohol-soluble material contains
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TABLE V both free lipids as well as proteolipids. At least
Composition of the total and residual fatty acids of six different proteolipids have been identified
the keratin-bound horny layer lipids by thin-layer chromatography. As yet no at-
(Specimen P3) tempt has been made to separate these various
proteolipids and study the composition of each
Acid* Total Residual individually. Hydrolysis studies of the mixed
proteolipids indicate, in addition to the liber-
Below C14 161 ated amino acids and hexosamines, some 60%
Ci4a 1.51 ii of lipid material, a much higher lipid content
b 0.02 — than occurs in most known proteolipids. The
c 0.19 — lipid isolated from the proteolipid contains not
C15a 2.72 2.7 only free fatty acids, free sterols and phospha-
b 0.23 0. 1 tides but also hydrocarbons, waxes, sterol esters
C 0.02 — and triglycerides. The identification of these0.02 —
components rests, at present, on separations by6a 5.1 22.0
b 8 87 7 3 thin-layer chromatography. Such identification
19 011 is not infallible and more specific identification
d 0.02 is needed. Nevertheless, even at this stage, the
Ci7a 0.54 1.4 identification of the sterol esters is fairly cer-
b 1.89 1.3 tam, while identification of the hydrocarbons
c 0.52 0.1 has been confirmed by gas chromatography. It
C18a 3.55 9.6 is possible that the latter are contaminants,
b 25.91
}436
possibly from solvents and other sources, but
c 24.85 they are consistently present in all samplesCisa 3.55 0.6
b 0.33 0 3 examined and are not removed by further pun-
c 0.54 0.2
d&e 2.74 —
Cioa 0.28 1.0
b &c 0.90 3.2
d 0.57 1.0
e 1.09 1.6
Csia 0.16 0.4
b 0.83 0.1
C 0.05 0.1
C22a 0.09 0.5
b 0.05 1.1
c 0.05 0.3
d&e 0.12 0.4
Csa 0.02 —
b 0.02 —
c 0.02 —
d 0.02 —
Cnn 0.26 0.3
b 0.05 0.3
C15a 0.07
b 0.02
Cnn 0.07
b 0.05
c 0.02
d 0.26
C27a 0.21
b 0.02 FIG. 3. Chromaplate of the Keratrn-bound Horny
_________________
____________ ____________
Layer Lipids. Developed with solvent A and stained
* . . with iodine vapor. (Samples designated as inFor designation see Table III. Table IV)
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fication. The presence of these non-polar com-
pounds makes it difficult to visualize a protein-
lipid complex containing them. It is possible
that hydroxylated fatty acids arc present in
the sterol esters but no evidence is as yet
available to indicate their presence. As indicated
by gas chromatography the fatty acids extend
in chain length to C30, but the possibility of
longer chain acids cannot be excluded at the
present time. In his study of the proteolipid
from human hair, Holmes (3) observed that the
isolated fatty acids could not be studied by gas
chromatography; presumably they bad chain-
lengths of more than C15. Further study of the
fatty acids by technics other than gas chro-
matography is therefore indicated, particularly
in view of the fact that the acid-fast bacteria
have been found to contain peptido-glycolipids,
the fatty acids of which have chain-lengths in
the C55 region (21).
The composition of the liberated amino acids
also shows some unexpected findings in that no
lysine or argininc was detected. Hence it is un-
likely that we arc dealing with a simple complex
Fia. 4. Chromaplatc of the Keratin-bound Horny
Layer Lipids. Developed with solvent C and stained
with ninhydrin. (Samples designated as in Table
IV)
TABLE VI
Composition of the "proteolipid" of the Iveratin-
bound horny layer lipids
Diagnosis
Callus
Callus
Psoriasis
Psoriasis
Psoriasis
Psoriasis
Psoriasis
Psoriasis
Psoriasis
Ichthyosiform
Erythrodcrma
Exfoliative
Dermatitis
Dandruff
Dandruff
Normal Scalp
of fatty acids linJced to protein through the free
amino groups of these amino acids, as has been
postulated to occur in human hair (3). No in-
formation concerning the nature of the protein
has yet been deduced but it is considered un-
likely that a simple peptide, or even series of
pcptidcs, is present. More detailed information
must await the separation and study of the
individual protcolipids.
It is realized that the extraction processes
used arc such that some dissociation of pro-
tein-lipid complexes would be expected to occur.
Indeed evidence has been obtained indicating
some breakdown of the material on storage.
For this reason it is considered more than likely
that the free lipid present in both types of
horny layer lipids originates for the most part
from breakdown of the protein-lipid com-
plexes originally present in the horny layer.
Careful consideration of our results leads us to
conclude, however, that several protein-lipid
complexes are present in the horny layer and
not that the material extracted with alcohol
represents the breakdown products of a single
glycoprotcin-lipid complex.
The present results indicate certain distinct
differences in the nature of the protcolipids in
certain disease processes. While fully apprcciat-
Speci-
men
Cl
C2
P1
P2
P3
P4
PS
P6
P7
IE
XD
Dl
D2
N
Free
Fatty
Acids
(%)
4.6
5.0
3.8
11.4
6.2
2.7
2.7
2.6
3.8
4.2
5.1
4.2
10.4
(%)
63.7
80.3
11.1
58.5
15.7
32.5
37.1
43.2
40.7
71.6
45.6
11.2
24.8
23.9
Free
Neutral
Lipids
(H)
15.1
83.1
37.7
73.9
61.3
60.2
54.0
56.6
24.6
49.9
83.7
71.0
65.6
404 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE VII
Composition of the alcohol -soluble and heratin-bound lipids of the horny layer
Specimen Diagnosis
Alcohol-
Soluble
Proteolipido
Alcohol-
F Soluble Free
Lipids
Kecatio-
Boond Total
Lipids
Keratio-
Bound
Pcoteo-
lipids*
Keratin-
Bound
Residual
Lipids
Total Hocoy
Layer Lipidof
(aa % etherand water extracted horny layer)
Cl Callus 0.26 1.84 2.29 3.08 0.29 4.29
C2 Callus 1.49 0.64 1.15 8.13 0.27 2.68
P1 Psoriasis 1.68 6.25 1.61 4.63 0.31 9.13
P2 Psoriasis 0.50 1.70 3.19 5.74 0.48 5.19
P3 Psoriasis 0.54 1.66 1.91 2.77 0.45 3.89
P4 Psoriasis 0.93 2.37 2.01 2.91 0.08 4.93
P5 Psoriasis 0.86 2.54 1.86 3.49 0.06 4.92
P6 Psoriasis 0.66 1.94 2.12 4.69 0.38 4.46
P7 Psoriasis 1.08 1.52 1.90 5.81 0.04 4.07
TE Ichthyosiform
Erythroderma
0.89 3.01 2.33 8.09 0.35 5.87
XD Exfoliative
Dermatitis
0.80 1.90 0.93 3.02 0.03 3.31
Dl Dandruff 0.32 2.35 — 4.51 0.90 —
D2 I)andruff 0.57 6.26 — 5.33 1.50
N Normal Scalp 0.78 4.46 — 8.19 2.25 —
ing the limited number of specimens on which
our observations are based, we nevertheless con-
sider these differences to be important and
worthy of more thorough investigation.
It is not yet possible to assign a definite
physiological role to the proteolipid complexes
of the horny layer. Our results and those of
other investigators (e.g. 22) indicate that these
proteolipids play a significant role both as a
cementing and a barrier substance in the horny
layer. Such a substance would normally break
down during the course of the shedding of nor-
mal horny layer and there is perhaps some
suggestion that in scaly conditions of the skin
this breakdown is retarded or delayed. There
is also some indication that in certain dcrma-
toscs the nature of the protcolipid complex is
abnormal, hence its failure to decompose.
More detailed studies on a wider series of
specimens from a variety of diseases is at
present in progress which, it is hoped, will lead
to some clarification of the functions of these
proteolipids.
SUMMARY
1. The presence of appreciable amounts of
lipid material (2.7 to 9.1%) in both normal and
pathological horny layer material has been con-
firmed.
2. The lipid occurs both as free lipids and as
protein-lipid complexes and two types of lipids
have boon recognized. One can be removed
from the horny layer by extraction with alcohol,
while the latter requires more drastic extraction
procedures. The former has been termed the
alcohol-soluble lipid and the latter the kcratin-
bound lipid.
3. Both lipids are exceedingly complex in
nature. At least six different proteolipids are
present in the alcohol-soluble lipids. These con-
tain an average of 60% lipid material composed
of free fatty acids, free sterols, phosphatides,
hydrocarbons, waxes, sterol esters and triglyc-
erides. A series of proteolipids arc believed to
exist in the horny layer which differ either in
the nature of the protein or lipid moiety or in
both. No definite chemical structure can yet
be assigned to these protcolipids.
4. Differences have been observed in the na-
ture of these protcolipids in certain scaly der-
matoscs; the significance of these differences is
discussed.
5. The possible physiological role played by
these proteolipids in normal stratum corneum
has been considered.
* See Table IV.
t Calculated on the basis that the proteolipids contaiu 70% lipids.
t Calculated from saponification data on 'proteolipid' fraction.
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